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Agents: Tsutomu Mogami, 

patent attorney, 
and 1 other 

[There are no amendments to this patent,] 

Claims 

1. A type of photochromic optical material characterized by 
the fact that one or several coating layers or coating films are 
arranged on the surface of the film, layer or plastic material 
containing the organic photochromic siibstance. 

2. The photochromic optical material described in Claim 1, 
characterized by the fact that the first layer of the the 
aforementioned coating layers or coating films is made of a 
thermosetting or photocuring coating. material. 

3. The photochromic optical material described in Claim 1, 
characterized by the fact that the second and subsequent layers 
of the aforementioned coating layers or coating films are made of 
thermosetting or photocuring coating material or inorganic 
deposition film. 
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Detaile d explanation of the invention 
Industrial application field 

This invention pertains to a type of photochromic optical 
material which can improve the durability of the organic 
photochromic substance by shielding said from oxygen. 

Prior art 

The photochromic substance refers to a substance that can be 
colored/discolored in a reversible manner under irradiation by 
light. Among the photochromic substances, for the organic 
photochromic substances, some can change into a variety of 
colors. Consequently, extensive research has been done on them. 
However, the organic photochromic substances have a major 
disadvantage in that they have poor durability with repeated use. 
A major reason for this disadvantage is that the structure of the 
photochromic substance itself is unstable, and, due to the 
unstable structure, it is prone. to oxidation decomposition by 
oxygen. In order to solve this problem, various methods have been 
tried. For example, in order to prevent oxidative decomposition 
by oxygen, the oxidation inhibitor disclosed in Japanese Kokai 
Patent Application No. Sho 58 [1983] -113203 may be used, or the 
singlet oxygen quencher disclosed in Japanese Kokai Patent 
Application No. Sho 58 [1983] -173181 may be used. Also, Japanese 
Kokai Patent Application No. Sho 51 [1976] -87177 disclosed a 
method in which the surface of the photochromic substance is 
coated by an inorganic substance. Japanese Kokai Patent 
Application No. Sho 58 [1983] -34457 disclosed a method in which an 
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inorganic substance is deposited onto the surface of a base 
material containing a photochromic substance. In these methods, 
contact with oxygen from the exterior is inhibited. 



Problems to be solved by the invention 

However, the oxidation inhibitor and the singlet oxygen 
quencher themselves have troiable with respect to durability. 
Also, the substance [applied] often affects the 
coloring/discoloring rate of the photochromic substance. Also, 
although said methods are designed for inhibiting contact between 
oxygen and the photochromic siibstance, the substance is not 
thickly applied and is an inorganic substance. Consequently, it 
allows rather easy passage of oxygen, so that it cannot display a 
significant effect. The purpose of this invention is to solve the 
problems of the aforementioned conventional scheme, in particular 
the latter problem, by providing a type of photochromic optical 
material which has better durability as it is capable of 
shielding the organic photochromic substance almost entirely from 
oxygen. 

Means to solve the problems 

This invention provides a type of photochromic optical 
material characterized by the fact that one or several coating 
layers or coating films are arranged on the surface of the film, 
layer or plastic material containing the organic photochromic 
substance. 

It is well known that, usually, the organic photochromic 
compound is decomposed by oxygen (in particular, singlet oxygen). 
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In particular, this is significant for the substances accompanied 
with dissociation of bonds (such as spiropyran, spirooxazine 
compound, etc.)- 

According to this invention, in order to inhibit 
decomposition by oxygen, an oxygen-nonpermeable barrier is formed 
on the surface of the film, layer or plastic material containing 
the organic photochromic substance. In this way, the 
aforementioned problem is solved. 

For the barrier, that is, the coating layers or coating 
films used in this invention, the first layer is made of a 
thermosetting or photocuring coating material. There are a 
variety of resins that can be used, such as silicone resins, 
melamine resins, acryl resins, urethane resins, fluoro resins, 
alkyd resins, organic resins + silicone resins, etc. Selection 
from these coating materials depends on the type of base material 
used and the application purpose {such as the type with high 
scratch resistance, heat resistance, and dyeability) . 

Also, it is also effective to add an oxidation inhibitor, 
singlet oxygen quencher, or UV absorbent, in consideration of the 
light application characteristics of the photochromic substance, 
etc., to the coating material. 

According to this invention, by controlling the thickness of 
the first layer of film, it is possible to adjust the oxygen 
permeability. Also, by setting [the thickness of] the second and 
subsequent layers of coating films and coating layers, it is 
possible to inhibit the permeability of oxygen and to realize 
various additional values. For example, it is possible to realize 
dyeability and haze resistance and to increase the wear 
resistance for the antiref lection films made of inorganic 
substances and organic substances. 



The coating method of the aforementioned coating layers or 
coating films can be selected in consideration of the shape and 
size of the object to be coated and the productivity from the 
following methods: flow coating method, spray method, dipping 
method, spinner method, CVD method, vacuum deposition method, 
plasma-CVD method, sputtering method, etc. 

The organic photochromic substances that can be used in this 
invention encompass almost all of the [organic photochromic] 
substances (substances subject to decomposition by oxygen), such 
as dithizone compounds, spiropyran compounds, spiroozazine 
compounds, phenazine compounds, phenothiazine compounds, fulgide 
compounds, phenoxyanthraquinone compounds, aminoazobenzene 
compounds, salicylidene aniline compounds, etc. 

For these organic photochromic substances, various methods 
may be adopted, such as the method of blending the organic 
photochromic substance in a synthetic resin; dipping method; the 
method of coating a solution or dispersion prepared in a coating 
material (such as a resin of the same type as that for the 
aforementioned coating layers or coating films) on a base 
material; the method oj^ . f orme^tion of a ;f ilm /f rom i solution or 
dispersion prepared using a solution of polymer; etc. Various 
types of synthetic resins may be used in this case, such as acryl 
resin, polyethylene resin, polycarbonate resin, polyethylene 
resin, polyvinyl chloride resin, etc. These resins and coating 
materials may contain oxidation inhibitor, singlet oxygen 
quencher and IR absorbent to prolong the life of the photochromic 
siabstance effectively. 

According to this invention, the aforementioned methods may 
be used to realize the target. 



In the following, this invention will be explained in more 
detail with reference to application examples. However, this 
invention is not limited to these application examples. 

Application Example 1 

(Manufacturing of photochromic substrate) 

5 g l/3,3,4,5-pentamethyl-9'-methoxyspiroindoline- 
naphthooxazine were dissolved in 195 g methylene chloride. At 
20^0, a flat plate of 2-mm- thick polycarbonate resin was dipped 
in said solution for 5 min, followed by drying at 50 *C. 

(Application of coating layer) 

In a reaction container equipped with a stirrer, the 
following ingredients were blended: 500 g colloidal silica 
dispersion in ethanol (Os-cal 1232#, product of Catalysts and 
Chemicals Industries Co., Ltd.), [illegible; possibly 10] g 
propylene glycol diglycidyl ether (Denacol [transliteration] 
EX-911, product of Nagase & Co., Ltd.), 100 g 
y-glycidoxypropyltrimethoxysilane, 340 g ethanol, 0.5 g flow 
control agent, and 5 g magnesium perchlorate. At 20 "C, the 
solution was stirred, and 30 g 0.05N hydrochloric acid were 
added, followed by stirring for 3 h, forming a coating solution 
for the coating layer. 

The aforementioned photochromic substrate washed in 
isopropyl alcohol was dipped in said solution, and was coated 
with the dipping method at a solution temperature of 10 "c and a 
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pull-up speed of 20 cm/min, followed by heat curing at 100 "c for 
3 h. The thickness of the formed film was 3 ]m. 

Assessment of the properties of the photochromic optical 
material was carried out as follows, with results listed in 
Table I. 

(1) Color and transmissivity 

The color was assessed visually. The transmissivity was 
measured on a photochromic Lens [illegible] light Tester HE223 
(product of Hasegawa P [transliteration] K.K.). The average 
values of the average transmissivity rate before and after 
irradiation test of [illegible] (400-750 nm) are listed inTable 
I. 

(2) Durability 

After the sample was exposed to Xenon Long-Li fe Fadometer 
(FAL-25AX, product of Suga Test, Instruments Co., Ltd.) for 20 h, 
50 h, 100 h, and 200 h, respectively, the transmissivity was 
measured as in (1), and the results are listed in Table I. 

(3) Scratch resistance 

The surface was rubbed 10 times with a padof steel wool 
(#0000) under a load of 1 kg. The state of scratching on the 
surface was assessed with the following grades, and the results 
are listed in Table I. 
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A: No scratching at all in the range of 1 cm x 3 cm. 
B: 1-10 scratch marks in the aforementioned range. 
C: 10-100 scratch marks in the aforementioned range. 
D: ' Numerous scratch marks take place, yet a smooth surface is 
left. 

No smooth surface is left due to scratch marks. 



E: 



(4) Dyeability 

2 g of dispersive dye Terasil Black D (product of Ciba Geigy 
Co.) were dispersed in warm water at SS'C. The lens was dipped in 
said solution for 3 min, and the average decrease in the light 
transmissivity is listed in Table I. 

Application Example 2 

On the photochromic optical material prepared in Application 
Example 1, an antiref lection film was formed as follows. The 
photochromic optical material was washed by acetone. Then, using 
the vacuum deposition method, an antireflection film was applied 
onto the surface of the optical material ([illegible] by 2 rounds 
of operation) with the following film constitution (viewing from 
the side of the substrate) at [illegible] temperature SO'C: X/4 
of Si02 layer; X/4 of the total thickness of ZrOa and SiOz layers; 
A./4 of ZfOa layer; and X/4 of SiOa layer as the uppermost layer 
(^ = 520 nm) . 

The obtained photochromic optical material was evaluated 
using the same method as that in Application Example 1. The 
results are listed in Table I. 
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Comparative Example 1 

The photochromic substrate prepared -in the stage of 
"manufacturing of photochromic substrate" in Application 
Example 1 was used as Comparative Example 1. It was evaluated 
using the same method as that in Application Example 1. The 
results are listed in Table I. 

Comparative Example 2 

The sample prepared by applying the antiref lection film in 
Application Example 2 onto the photochromic substrate prepared in 
the stage of "manufacturing of photochromic substrate" in 
Application Example 1 was used as Comparative Example 2. It was 
evaluated using the same method as that in Application Example 1. 
The results are listed in Table I. 

Application Example 3 

(Manufacturing of photochromic substrate) 

0.1 g adamantane-2-indene (2 '-methyl-S'-furfuryl) ethylidene 
succinic anhydride, 2.5 g diisopropyl peroxydicarbonate, and 
97.5 g diethylene glycol bis(allyl carbonate) were blended, and 
the mixture was injected into the space formed by a gasket, which 
is made of ethylene-vinyl acetate copolymer, and a glass mold 
designed to form a molding with a thickness of 2 mm, followed by 
polymerization at 60°C for 8 h, and at 80'C for 10 h. After 
polymerization, the mold was released. 
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(Application of coating layer) 



Said photochromic substrate was washed by isopropyl alcohol 
Then, using the spin control method, with ethyl acetate used as 
solvent, Kemitoron [transliteration] H-D Coat (product of 
Seimitsu Enterprise K.K.) was coated with a thickness of 4 pm. 
After coating, curing was carried out using a UV lamp 
(Sterilizing Lamp GL-10, product of Toshiba Corp.) at an 
irradiating distance of 10 cm for 5 min. 

The sample was evaluated using the same method as that in 
Application Example 1. The results are listed in Table I. 

Comparative Example 3 

The photochromic substrate prepared in the stage of 
"manufacturing of photochromic substrate" in Application 
Example 3 was subjected to UV irradiation treatment without 
applying the coating layer to form the sample of Comparative 
Example 3. The sample was evaluated using the same method as that 
m Application Example 1. The results are listed in Table I. 

Application Example 4 

(Manufacturing of photochromic siibstrate) 

In a reaction container equipped with a stirrer, the 
following ingredients were loaded: .62 g tetramethoxysilane, 41 g 
y-aminopropyltrimethoxysilane, 21 .g 

bis(methyldimethoxysilylpropyl)epoxy succinate, 10 [illegible] g 
isopropyl alcohol, and 0.1 g silicone surfactant. While stirring 
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forcibly, 52 g 0.05N aqueous solution of hydrochloric acid were 
added at room temperature, followed by stirring for 2 h. 
Subsequently, 0.1 g magnesium perchlorate and 1 g 
1,3, 3-trimethylindolino-5 ' -nitro-8 • -methoxybenzopyrylospyran were 
added, and the mixture was stirred to form a coating solution. A 
2-mm-thick acryl resin tplate] was dipped in this solution, and 
was coated by the dipping method at a solution temperature of 
10*C and a pull-up speed of 20 cm/min, followed by heat curing at 
100<*c for 6 h. The thickness of the formed film was 2 pm. 

(Application of coating layer) 

A solution prepared as a mixture of 60 g hexamethoxymethylol 
melamine, 40 g Hitaoid 2400 (commercial name of Hitachi 
Chemical Co., Ltd.), 0.7 g p-toluenesulfonic acid, and 200 g 
ethylcellosolve was applied on the aforementioned photochromic. 
substrate. Coating was carried out using the dipping method at a 
solution temperature of 20»C and with a pull-up speed of 
15 cm/min, followed by heat curing at SO'C for 8 h. The thickness 
of the film was 4 pm. 

Assessment of the properties of the photochromic optical 
material was done in the same way as in Application Example 1, 
with results listed in Table I. 



Comparative Example 4 

The photochromic siabstrate prepared in the stage of 
"manufacturing of photochromic substrate" of Application 
Example 4 was taken as the sample of Comparative Example 4. 
Assessment of the properties of the sample was carried out in the 
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same way as in Application Example 1, with results listed in 
Table I. 

Effect of the invention 

As explained above, according to this invention, by 
shielding oxygen, it is possible to improve the long-term 
durability of the photochromic performance drastically. In this 
way, it is possible to use the various photochromic materials i: 
applications that require high durability ([illegible] lens, 
[illegible] glass, etc.). Also, it is possible to boost the 
additional value by decreasing scratch resistance, chemical 
resistance, antiref lection, and other properties. The effect of 
this invention is great. 



Table I 
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Key: 1 Application example 

2 Comparative example 

3 Color and transmissivity 

4 Durability 

5 Wear resistance 

6 Dyeability 

7 Before irradiation of light 

8 After irradiation of light 

9 Irradiation time 

10 Color 

11 Transmissivity 

12 Colorless 

13 Light violet 

14 Blue 

15 Violet 

16 Bluish violet 
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